Introduction
Our understanding of cerebellar function has undergone a paradigm-shift in recent 1 decades due to the studies of neuroanatomy (Glickstein, Sultan, & Voogd, 2011 ), 2 neuropsychology (Schmahmann & Sherman, 1998) , and functional magnetic resonance 3 imaging (fMRI) (Buckner, 2013; Stoodley & Schmahmann, 2009 ). Until recently thought 4 of as part of only the motor system, accumulating evidence indicates that the 5 cerebellum is essential for a variety of cognitive and social functions (Sokolov, Miall, & 6 Ivry, 2017). Despite this expanding repertoire of cerebellar functions, there is a marked 7 absence of human electrophysiological studies in this area. 8 In the domain of magnetoencephalography (MEG), a small body of research has 9 documented cerebellar evoked potentials (Houck et 14 insights but they are scarce in comparison with other types of studies, especially fMRI, 15 and have used limited varieties of tasks. It should also be noted that many of them 16 reported cerebellar activation without examining it in detail. This is due to several 17 factors. First, compared to the cerebral cortex, the cerebellar cortex is less favourable 18 to the generation of a measurable MEG signal. Its densely folded anatomy causes a 19 high degree of field attenuation due to locally opposing current sources (Dalal et al., 20 2013; Hashimoto, Kimura, Tanosaki, Iguchi, & Sekihara, 2003; Tesche & Karhu, 1997) . 21 Second, cerebellar neurons are thought to have low firing synchrony based on the 22 small amplitudes observed in local field potential studies (Gerloff, Altenmüller, & 23 Dichgans, 1996). Third, the majority of the cerebellum is located deep in the human 24 cranium, distant from typical SQUID-based MEG sensors. These factors combined 25 make it likely that MEG signals generated in the cerebellum will be smaller and less 26 likely to be distinguishable compared to those produced by the neocortex. Further, 27 cryogenic MEG requires subjects to maintain very still and thus limits the application of (Dalal et al., 2013; Niedermeyer, 2004) . As a result, the electrophysiology of the human 5 cerebellum is largely understudied compared to the neocortex. 6 The recent development of optically pumped magnetometers (OPMs) as a tool for 7 MEG provides a new opportunity to investigate cerebellar electrophysiology. OPMs are 8 high sensitivity magnetic field sensors. They do not need cryogenic cooling so can be 9 flexibly placed on the scalp to significantly reduce the sensor-to-brain distance. We 10 have recently built such a wearable OP-MEG system, placing the sensors close to the 11 scalp by mounting them in a 3D printed cast of the head (Boto et al., , 2017 . 12 These sensors can be positioned in a dense array over a specific brain region of interest 13 (Tierney et al 2018) , although at present only in modest numbers. This system is less 14 susceptible to muscle artefacts compared to EEG . Moreover, in 15 combination with a field-nulling apparatus (Holmes et al., 2018; Iivanainen, Zetter, 16 Gron, Hakkarainena, & Parkkonen, 2018) one can minimise magnetic field variation at 17 the sensors due to head movement in the ambient field. These characteristics make 18 OP-MEG an ideal candidate for the study of cerebellar electrophysiology, offering 19 possibilities for study of both motor and non-motor tasks. 20 As a proof-of-concept study, we recorded OP-MEG data when non-noxious air-puffs to 21 the eye trigger blinks. Air-puffs are the unconditioned stimuli (US) in a well-established 22 cerebellar classical conditioning learning paradigm: eyeblink conditioning. In single- 23 unit recording experiments, the stimuli elicit activity in the principal cells of the 24 cerebellum, the Purkinje cells. These cells show in untrained animals (Ohmae & 25 Medina, 2015) both "simple spike" responses driven by input from the brainstem 26 pontine nuclei, as well as "complex spike" responses to climbing fibres that project 27 from the inferior olive to bilateral, predominantly ipsilateral, cerebellar cortex. Animals . Consequently, cerebellar activation may well be expected in our MEG 6 recording. 7 We aim here to demonstrate that air-puff driven neural signals in the cerebellum, 8 which have been observed in both the invasive animal and non-invasive human 9 literature (e.g. fMRI), can be measured with OP-MEG. We present evoked and induced 10 responses measured with OP-MEG. Taken together, we show wearable OP-MEG of the 11 cerebellum provides a promising future to examine the cerebellum during human 12 cognition and action, and pathological conditions linked to cerebellar dysfunction.
13

Materials and methods
14
This section is divided into three parts. First, we describe the OP-MEG system. Second, 15 we summarise the experimental procedures for cerebellar activity measurement. 16 Finally, we introduce the inversion scheme used to localise the source activity. 17 
Participants
18
Three healthy subjects (1 female, 2 male) aged 27-50, with no history of psychiatric or 19 neurological diseases, participated in the study. All subjects were naïve to the eyeblink 
OP-MEG System
25
The OP-MEG system has been previously described in detail (Boto et al., , 2017 26 Holmes et al., 2018; Tierney et al., 2018) . Briefly, the system consists of an OPM sensor 27 5 array within a customised scanner-cast, and a field-nulling apparatus comprising four 1 reference OPM sensors and field-nulling coils (Figure 1) . 2 
Optically-pumped magnetometer (OPM):
The OPM sensors used here (QuSpin Inc., 3 Louisville, CO, USA) have previously been described in detail (Shah & the sensors proximal to the cerebellar and somatosensory cortices. Figure 1 shows the 15 sensor configuration in a typical subject. Across the 3 participants thirteen to nineteen 16 posterior sensors and four to six somatosensory sensors were used. Additionally, two 17 sensors were placed in bilateral infra-orbital slots for eye-blink detection (Figure 1 .A).
18
Experiment: Eyeblink paradigm All of the data analysis was performed using SPM12 within the MATLAB environment 9 (Release 2014b, Mathworks Inc., Natick, MA). epoched between -1000 and +1000 ms relative to air-puff onset. Because OPMs are 13 configured as magnetometers (as distinct from gradiometers which are used in many 14 cryogenic MEG systems) they are susceptible to increased environmental interference. 15 We mitigated interference by constructing virtual gradiometers, which linearly regress 588 and 585 trials with air-puff stimulation, for subject 1, 2, and 3 respectively) were 22 baseline corrected to the mean of the window 50 ms prior to stimulus onset and then 23 averaged. 24 Spectral analysis: For induced spectral power changes, single trial time-frequency 25 (TF) decompositions in sensor space were calculated for each subject using a Morlet penalising excessive optimisation (heuristically speaking, a complexity penalty).
11
Moreover, models in which the sources have different prior locations can be compared 12 using Free energy. This is particularly useful for comparing different anatomical models 13 of the same data (e.g is the source more likely to have arisen from the cerebellum or 14 the neck muscles?) 15 We specified the initial mean locations of 6 single dipole models based on the 
Results
15
Sensor level responses 16 We looked at the average evoked response to air-puff stimulation on the cerebellar 17 OPM sensors and the sensors positioned over the contra-lateral somatosensory cortex. to the MEG data from EMG sources in the neck, we sorted OP-MEG trials by the 13 latency of peak EMG. In some sensors, the OP-MEG negative peak seemed to 14 temporally correlate with peak EMG (Figure 6 .B). However, peak EMG latency did not 15 time-lock to stimulation and drifted throughout the epoch across trials (Figure 6 .B). 16 13 Besides, these EMG peaks appear to always couple with enhanced negativity of the responses (before puff stimulation and after 150 ms). We therefore correlated EMG 6 and OP-MEG latencies separately for trials with EMG peaking before and after 150 ms. 7 Only trials peaking after 150 ms had a significant but weak correlation (trials peaking 
12
We also looked for induced spectral changes in the cerebellar sensors. . Figure 4 .B shows the fitted source locations for subject-specific, 5 early and late time-windows. The source localisations were within the cerebellum or 6 the brainstem/cerebellar peduncle adjacent to the cerebellum. Table 1 shows the MNI 7 coordinates and anatomical labels of each fit. 8 Dipole locations converged into the cerebellum even when using priors in the medial we contrasted an individual peak-based 400ms post-stimulus period (500-900 ms for 1 subject 1, 100-500 ms for subject 2 & 3, see Figure 3 .A) with a pre-stimulus baseline 2 between -400 and 0 ms. For the broadband component, the global maxima were 3 located at the posterior neck. For the induced response in alpha and beta band, the 4 sources were localised in the medial occipital area. 
Discussion
14
We have demonstrated that a small OPM array with less than 20 sensors can detect 15 cerebellar evoked responses during unconditioned eyeblinks elicited by brief air puffs. 16 The evoked responses had early (~50 ms) and late components (~90-110 ms). The 17 source localisation of these evokes response was in the ipsilateral cerebellum, 18 generally consistent with previous neural recordings in animals and fMRI in humans. 19 In the small number of published MEG studies, cerebellar activation to somatosensory 20 stimuli has been identified by either using a priori assumptions of an equivalent temporal correlation between the latencies of the maximal spectral power changes 16 and blinks (Figure 5.B) . Thus, the induced responses were also not likely to be products 17 of blinks. Another source of non-neural artefact to be considered is the neck muscle because it is 9 nearby the cerebellum and the sudden air puff does lead to some reflex head motion, 10 visible in early acclimatization trials. However, the evoked responses are unlikely to be 11 caused by muscle activity, as dipole fits converged to the cerebellum even when using this broadband induced response was likely to be due to muscle artefacts. 22 To our knowledge, this is the first MEG study to examine the neural response due to 
